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(54) VUW TYPE ARITHMETIC PROCESSOR 

(57)Abstract: 

PURPOSE: To speed up arithmetic processing by 
executing following instruction words in parallel without 
waiting the completion of the arithmetic of precedent 
instruction words unless a register number is referred to 
for the arithmetic of the following instruction words. 
CONSTITUTION: A comparator 205 compares the 
number of a register expected to store the execution 
result of an instruction, which begins to be executed 
earlier than an instruction word to currently be 
executed, with the number of a register to be read out 
by the instruction to currently be executed. When there 
is a matching register number, the instruction to 
currently be executed is held in a waiting state by an 
instruction controller 201 A once it is confirmed that the 
contents of the register having the register number can 
not be used yet. In other cases, the following 
instructions which do not refer to the execution result of 
the instruction being executed are executed in parallel 
even while the instruction which requires plural cycles 
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for its processing is being executed, thus speed up the processing of plural instruction words. 
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Jtlc|8fTr*«ff*«^ :«E«fr¥«l=.fcy« ! T**i 
&#«*Ka>*'<7> KI=«fcy*JBS*t*^— KOxt 

4**|z*y»HS**»2*^>Kfc*tt«U Itl 

e* 2 ^ 7 > k tftutam i ^ > h -a* « * o> 
s^t*^. -a«**a«-r = we* 

E*7«#tfl!)iiaa*tna*fT*»a)*7-f-^K« 

ma*** y &*<t^- * a * 1- * * * i*«rB«tt#«* 
&«rE*fT*afl!>mE/<-f >^«evl iww 

itG*tn y &*stit«»*ta *-r * * 
jtrft*a£*Ji«iLfcci:*i*«J:*-«vL iwsi 

[O001] 

a^i^^/UtHtW^fcltSVL l W (V e r y L o n 
g Instruction Word) S;1t)ta9& 

[0 0 0 2] 

1«*afcy<0Hr*-9--<f ^»CP I (Cy 
cles per Instruction). £ScfcZ/ 

If. CP I ST If. ^P^7AltT^^bt-^ 
[OO0 3] ±!H3SI(^5*), ^SftSitS^Oll* 

[0O04] *fc. ^-r^P^P^-trl^liC I SC (C 
omplexed Instruction Set 
Computer)itRISC(Reduced I 
nstruction Set Computer)^ 



C I SCf^^HCP I 
[ooos] ;:©J;9*ttH*»**:l*-C* V L I WT 

mm^^ttoo ^©*5ftatwasicj:y. cp 

[00 0 6] VL I Wl^P-feiffccfctfX— ><— 

(1) ft<fr* h'J— AtOX^rvi— U >^73^0)ffi^ 

[0007] x-/<-^*7-ei*. ^p-b-y-o^^p 
[ooos] cftdfcfru VLiwtfi*. =i>/W;u» 

(2) ft*?*— "7? KDffiSt 

[0 0 0 9] -fiftlC. X— /<— *7D7l*fi£*<7)R 1 SC 

«t-C*****»^ ;W?7-f>l=»At4o 3 2 

*^^P-b-9-ei*«*<DR I SC^P-fe+f-OtSp^*- 
W h*t<D**affl«wi:A«T?S, 7h^i?x^ hP 

[ooio] ztuc&u v l i wi*. -fisic3 2 
asofiis list* 1 1 a^* *. *o>fci<>. be#© 

x-/<-X*?J:yt.ll^tt1B*tM'Ct*<T?# 

*ooi 1] iCW, /^-r^7^>S5t^}#o^P-b 
-trtDlg^. 1 O0)«tl«S<DXf-i?l:»l+ ZHxm 
frtStiZo lofl)Xf-9l*Bllli:Ltl*P^>« 

ft*l**AM+±l ^P-y^-CHfr^^^-^I-^^o L 
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T g»MC:/W :/£a&t*£««£>f >$-p 
[0 0 12] CCD^B^tt. X— /<— X2j^"CI£&< V L 

v L I W&9UFA9S1KIZII-*-*. 

[ooi 3] -fiSfc. vl I wSSRffffiaSB^ftttlk 

V7h«5i7 CJn^iO fr&ttKB#l=S6!TS:h/Cl* 
[o o 1 4] v L I w8!am«aSE«-ei** 

B*T?I*) *<Dtt31l=B-u--f^;u«-r«. 
[ooi 5] fcc**^ ttsfeCDVL i.wsatffffiaKB 
-CI*. HH»l=»ff**t*^<»3g**Lf=l **+a>«K 

aura. v7h>>i7i:»Ltit *<*-eH««-*ff 

[0 0 1 6] 

»T"T **-ei*3fe<D««H*ltfT Lftt^cfc 5 LTU 
& e HB»(=»fiStLfe«ftX)(+izaamH 

I*. *a>;HKA<Kl3»TLTL^fci:LT*. 3tX0>fST 

fc**ifctf1**C£(::3&:*. -r*£3fcM;H*i*IHab«*< 

**y. vl i wt— *-T*^-v<Dafewa»«a3itB** 
[ooi 7] zommt. iE««i=B*fc**if=*<o 

T% h>5x7fz»Lrf*3l»fl!>Kff«**«BEL-3 

[OOI 8] 



*t^-;77 (2 o 1 ) t ; 
[ooi 9] lirtsvL i wiz^tt&t^ff L 
fcSosa7^-;i/h>b^/w^7-f>stu c 
jK&o/W :^-<>-ctoevl i wiz***t***sa 

Al=*fT-r * h (2 0 3) t ; INEflWa:- 

* h^JryHfTSftifttfc^BflOi-^^K (R])l: 
J:y#^*tL^/\— K^I7'J V— X (200) <fc ; 

[0020] ttriaSIS:^--^ hOfc§7^- ;u K ( i = 
1) "eSfiUfT+CBlSr^ (MUD <onfr$sm£»*fi-r 

<z>#?-f-;uK ( i = 0-3) -cattseff L*5tr* 

(Add; i=0, 2) lc<fey#HS*t*0)»2* 
"<=>K (R1-R4) ££ttl£L. ftriSSI 2 > 
K (R1-R4) A<ltTE*1*-<9>K (R4) t~Wi 

-th^o (R4) **t?»*i=. 

geg (2 0 5) t ;»E»»3-=^ K0>*7-f— ;uK 
(i) T?**Kfr*«»TLTl*«i:i*ii«(c. 7<-;uK 

• lc*T«***±r**« (2 0 8) t ; 

[0021] WEtttts**&a>WE-a«*fc!(rE*£ 

*«fr6©»E*T»fc(Dlia«*»Ea»3--!y h 

o&y-i—frF (i) S(c<ty % firtiA^^-r — ;uk 

(i) 3&««EliaW=»LTj|**fc6-r»*f=:*** 

%ftj3-t&mmis\& (2 O 9, 2 1 O) £ ; 

[0022] «rEiiaiBiB^«rEtt«ny^(i#$ai 

*^*t#lil»E**/<'y7 7'36^6«rE?T('«i=.^ 
TOE/W >^I5EV L I Wd***.* 1 feLtCDTSr 
*B*HB»l=l8aL. VTEIiaEIBimE^^fty^ 
«tit«* * u * f * £ # l*»E« * / * * ? 7 * & ItEX 

glZLZiv h^<7)|TrIBV L I W(7)^^Bfe^|$f?ifr^^ 
^tt*l=3> h-P — ^ (201 A) ££*«LTl*S. 
[0 0 2 3] 

[ambi cdxhovl i waat*aasK-ci*» as 

H*tL £5 <h L"Cl***«B* y ftl=»r*«Btt**ifc 

ft«A«KfT*-e*y* *<D*«<DsefM8*s*MA-r** 

[O 0 2 4] 

[HSfeCH] Si I*. ^-f-yuKo-3^tt^4xlz4oO) 

KS^B (P- h\ >H®. ^ h7 % 
^) SELfcl 2 8 hCDV L I WO)— -K^^-To - 
oiHSrtfc^lcii. Jtag: (add) s ai (sub) , i 
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* (MU L) , IS (D I V) , ft«L9 (NOP) Wtf 

[0025] ^ommmmztite^-m-sov 
l i watMaijWBaa)— cco^-ei*. ^>r— 

;UK3t*ISg: (R3/R4) S4$Q^$aM+TSgfT + 
(- ? 4 — ;U K 0 ~ 2 OHfT^L- ^ h 3 ^ □ V *7 ftfeA* 
tL^otfcy, Z7-f — VUKl -C^S (R1 *R2) $ 
2^P^^AMtTH^T*(Z^^-;UK0 F 2, 3(DHfT 

[0026] 11131*. Z(DfSBJl*<®/fI2;Kfci§^<DVL 

K3t»4^n^^|»* (R3/R4) **fr+|z % 37 -f 
—JUKI t2^n*^iS (R1 *R2) t2m<»l 5 
uy>?mi (R1 -R2) £H*rU 7^-;i/K0i:7 
-f— ;uK2-C2g(Di <?nv<7lMW (R1+R2 IR3 
+ R4) <t£-f £>y^-t±<Dtctf)<7>1 ^Pf^NOP 
Si jgHfrL-Cl^^o H3l=«^-r*S«JM131"ei*. I* 

.5: (NOPgfT) M**<*fcl*<Z>-e. »-&5*p^T? 

[OO 2 7] 3(0^151 K^X 

7 (*Ma»*<T3--^ h) d^x^SfifcfT* 
(ST1 OO) o ^CD^x^^^cfcU. 

3(D4*a>/W ^-rxzttHr^Hi OADD, su 
B P ADD, SUB^-SLt (BJBLt) &A£*v 

[0028] — ;uKo~3-ei** SA*4xfc^^ 

(ADD, SUB, ADD, S U B) (D*^ > K (ft 

>t»»iHS*L« ui?x* ^7 -r^uo) l^x 

x^-&*#i* (ST110-ST113), ^li/H^S 

BBttttttofctfA^y t»fcy. gA^^ifcft (add, 

SUB, ADD, SUB) tf»*t -< — ;U K 0 ~ 

3CD^"^^>K (R1-R4) (i±-CffiffiRT^"e&^ 
(ST114-ST117, -fx*) D 

[0029] ^-f— ;i/Ko-30t^7> FA<±rttffl 
pH&££i:&<t (ST1 2 0, -fxx) . 47-r-JI/KO 
-3<D?TIJH=j&Ilft/\— K^xt'J V— X (L/v^^ 
7 ^ t'IMffl rI&S: u vx^ ) 

x?£*#L* (S T 1 30-ST1 33) 0 ^l*>1tS£ 

gB*& LttftfcK* y -c* y . '\- K^xrco y V-Xl* 

^T^RT^r*fc^ (ST134-ST137, *fl 

X) o 

[0 0 3 0] 7 -f --/I/ K 0 - 3 fl)/\- K«>I7 'J V-^ 
*<£TffifflRTfl8£S:*itf (S T 1 4 0, -fix) . *:7 



-f-;i/K0-3t\ SA^tLfcft^ (ADD, SUB, 
ADD, SUB) <D«iaA«H»l=IB»r4 ( S T 1 5 0 

- s t 1 53) o jsi-hcofflaaic j: y . n 3 o^mf 1 ix 

[003 1] SC, B3©««H2tf/\-K'5x7l=7 
x^Sil* ( S T 1 00) o C<D7i-vf(Cj:^ 7 
— ;u Ko-3<0 4*(7)/^^^^-r >l:li$ < pg2 0A 

DD, SUB, ADD, D I V#SA**L& 0 
[0032] #7-f — ;uK 0-3 fiA*ilfc$t 
(ADD, SUB, ADD, D I V) Ot^7> Wffi 
fflWtt* £3*^x^**1* (S T 1 1 0-ST1 1 
3) o ft^rSl til *P^^T?KB*«i3SSTL-Cj3y. 

(Ui;x^R8) tt**£*«fflftO)-C. «ASixfcft* 
(ADD, SUB, ADD, D I V) ^1*^47^ 
— ;UF0 — 3<7>3*-^<9>K (R 1 — R4 f R8) liit 
ffifflRTirefc* (ST1 1 4-ST1 1 7, ^IX) o 
[00 3 3] 7* — ^ K 0~3<Dlt'l : ? > KA^Tttffi 
RF^<t#&<!: ( S T 1 20, -<IX) . 47-fHI/KO 

- 3 03tfflx&fi«:/\— KOX7 U V— X*«*5*£3 
*^x:y*S*iS (ST1 3 0~ST 1 33) e &A£ 
jftfcftl* (ADD, SUB, ADD, D I V) 

^/\— k«ji7D) y v— xi*L^-rnt»*©**i= J= y tt 

ffl*"tfftt^-e* ^Tffi^nT^T'fc^ (ST1 3 4 ~ S 
T 1 3 7, -f XX) o 

[0034] ^-f — ;uKo-3fl)/\- KWJ V— X 
A«±TttrapTll6i:ft*ttf (ST1 4 0, -f IX) , &7 
* — ;uKo~3T?* gA£*tfctSp^ (add, sub, 

ADD, D I V) (D&kmbmm^fflft-t & (ST 1 5 0 
~ST1 5 3) o fcUKDctdlxLT. B3(D**H2tf 

[0 0 3 5] SIX. 03(7)$^g3A<A-KOx7l:7 

x^^s*t-6 (sti oo) o zkovx-vtizJ: y. 7 

DD, MUL, ADDAm^o (H 3 Oi&ai^P 
3lxgALfcft^D I VAWiB<D*\&**«iS-ea&4;:fc 

[0036] &7*— ;uKo-2-eii. SA^tlf;^ 

(ADD, MUL, ADD) CD^"^^ > KA<ffiffl Rl££* x 
ifdA^x^^Stl* (ST110-ST113) e : 
Zt\ — ;U K3l**f£ft^H2<DD i v^ffl3i*-e 
&y. ZCDft^D I V<7?$[k^[i^-r— ;U K3(7)2-3<0A 
LUP^T* : fT^t^4^rL^^o ^(DtzSb. 7-f-^K3fl)t 
K^>K (R3, R4, R8) li^tcl^otfcbf, 
(STI 1 7, -fXX) o ^fc. tfe^fS 

2<0^<— ;u KO — 21*1 ^ p ^^-cHfttea^T LT 

l^SflDT?. 1SA$^fcft^ (ADD, MUL, ADD) 
*<IfjR-r4#7-f — ;U KO-20t^7> K (R 1 -R 
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4) *,±TffiS|prf£-Cfc& (ST1 1 4-ST1 1 6, 
"fx*) 0 

[0037] 7* — ;uKo-3(D^-^<^> Fifi±xQim 
vH&tttZk (st 1 20, -fix) . S7^f-;i/Ko 

A^x^Ssh.* (ST1 30-ST1 33) 0 

[oo3 8] ccoif^ ^-r— ;u Ki t?fii3l+a)^M 

ULlt'JV- X (l/vX^R4) ^ffioTfcy. d<Z>'J 
V— X (l/vX$R4) *7-f-;i/K2(D$tADDi)« 

#fl lt u£fctf>. 7 -f -;u K 2 a>gt«=ie»«E/\— K 

^17 'J y— (ST136, ) 0 fCT\ 
:0'J V— X (l/5X*R4) (0*lj7-f 

— ;i/Ki «>4tMU L(7)H^rA<$S^^*T0 . 74 — ft, 
K2l4fiTti Lftl^*NO P^6feA/T??#0 (ST1 3 
2 f ST 1 3 eojis—zf) o 

[0039] ^-T— ;UK2C0^^ADD(47 

-f-iU K0©**AD Dtf«3 'J V-X (Ui?X£R 
3) t,#BBLrt^*« Ztotztb* 7-f-;i/KlO^M 
u l ^ -c 7 < - K 2 t nop (i 

^□'^) £SMTL-Cft-3Tl**«k 7<-;i/Kot$ 
tNOP (1 £HfrLT*#o (ST 1 3 0, 

st i 3 4<o;u— ^) o 

[0040] 7-T-;i/KO, 2lC$^NOPSRi^i: 
iCck y 7 -r — ;u K0~3 K^I7 y V-Xtf*t 

ttfflRTll6i:<cy (ST140, ^(IX) . &:7-f— JUK 

0 — 3"C. SA^ftfcftl* (ADD, MUL, ADD) 
fccfctfUfT^CDft^ (D I V) (Dft&mmtf. 25 Uy 
5frt+Tm&Tmiff& (ST150-ST153) o W 

[004 1] «|Z. i3^i4^v\- K^ITMC? 
x^£;tx£ (ST1 OO) o CO^x^l^fcy* ? 
-f — ;U K0-2O3 *(7>/^-T ^ < >\Z[t^^m 4 <7> A 
DD, SUB, ADDA<SA**l5o (^3C0^^^P 

^7AS4SLfca>/W7lt $^g2t7^-;i/K 
3KfiALfcft^D I VjMSM©«*ffl3-e&*C£:* 

fiA*h4i\ ) 

[0042] ;u KO~2"CI** 

(ADD, SUB, ADD) (D^-^^V Kj&MSJB^Ttt** 
£3*^x^£Sjh<& (ST1 1 0-ST1 1 3) o $ 
tB3(D7-f-;b K0~2I*2<7 □ 7*"CHRftlS7 
LtOi<3D"e, SA^W:^^ (ADD, SUB, AD 
D ) ^I^t l>§ 7 K O ~ 2 Ot ^ 7 > K (R1 

~R4) \*±T&mt*I&X+&& (ST 1 1 4-ST1 1 

6, -fix) o ;u K3tt$/£^R2a>D 

1 VS7-f-;i/K30ALUtJ|lIift*fcy, dCDftl* 
D I K (R3, R4, R8) (iftffl 
pT^fe* (ST1 1 7, -{IX) o 

[0 0 4 3] 7 -f K O - 3 ^7 > K^itffi^ 
RTffi£tt&£ (ST1 20, >TXX) . §7^-;i/K0 



(ST1 30-ST1 33) . SA£ 
tlfcft 1 ^ (ADD, SUB, ADD) £ tfUfr * CO "ft 
* (D I V) A<^3fc-r£/\— K^XTO'J y— 
oTl^l^O"?. ^-Cttffl^Tffi^fc* (ST1 3 4 — S 
T 1 3 7, -flX) o 

[0044] — )V KO~ 3<D/\— K^XT'J V— X 
4<*r*HWtS:*i8 (ST140, ^x^) , §7 
-f— ;UK0-3t% fiAStLfcft* (ADD, SUB, 
ADD) fc«fclMMT*<7)ft* (D I V) 0>£9JttSft<H 
BSitfT-f £ (ST1 SO-ST1 53) „ )2L±<D&olZ 
Lt % H3 0)ft^I§4*<fll3g£;tt£o 

[0045] H7I4. C©*tt©-*««I=«*VL I 

-So cfl)Hffi«l^a(4. Ui?X4r^r-T;U2 oot, ft 
^/^^^7SP2 0 1 h 2 O 3 US/X 

*tt«B»2 0 5 4:. SlKftS^n — 5T206t. ^7 
dK2 0 7<t. 7>K@182 0 9t, t7!B2 1 

[0 0 4 6] *^y7792 Oil*. Hi (C^-Tefcd 
4tt**tMt*WHB^644 v L I w£ft»i 

W/^77«20 1 2 1 1 

d:ot^7772 0 1 BrtCOVL I W£tUA'4~&ft 
^tfj*l=l > hP-7 2 0 1 At, $^A77720 1 B 
rt(0ft*<D*|C*ff S*t*ft«*tttt**/*?:77 2 0 

[0 0 4 7] ft«v<^:77»2 0 1 (C«M$4lfeVL-l 
WIS. «*«2 0 2A*^L"C3t*J--^ K2 0 3fzK 
2t£*l£o ;H^--> h2 0 3f*. SEi££*lfcVL I W 

i=$*ih*aftat»S. i/i?xji77-f;i/2 00$ffl^ 

(alu) £«a^ («jttf2 

[ O O 4 8 ] 7h203 -CSttllfr+(D3tKa> 

SS^ft«I^StC5(Dl/vX^77^;U2 0 0(Dl/ 
vX^t^R j ( j f*«x.tf 1 -8) I*. {1-^182 O 4 

1 (i=0, 1, 2, 3) £^LT. US?X*ltRllltt 

2 O 5fzJ§.*.£>*L&o C(DbvX^itM2 O 5(" 
l*. f^82 0 2BS^Lt, ^CifTLJ:5tt^V 

L I wu:«fc-3T#Hg**L<5 bvx^i^^bti^ 
us;x*jt«isitt2 0 5i*. «r#o>u^x 

0>Ui?X*«Si:U:«U SS#ib«— £5*** 

[0049] L/i/X*ifc&[Hl£&2 0 5(44-3 

<? Q~3\tm&3. — V K2 O 3O7^-^K0-3Cf 
nf^JSLTU^o i (i=0~3)T? 

S*l4l/yx*WRJ ( J =1 ~8) *Oft*B 



(6) 



»88¥5-1 97 547 



[0050] ;H^Jt^^Z3-^2 0 6|Cli. 
720 2B**&* {|^82 0 2B$^Lt, *lcSfrL 
£5£ LTt*S«*H*«#*.&ft4. "r^—? 2 0 6l* 

a>a#*3&<ffi< *T*«<D**Ha»T*i*fci*s«*2 
o 6 i *hja-*"*o 

[00 5 1] t7082O7lt Ui/X*lt«iatt2 0 
SCDS-^P^^ i ZtO&Jl2 O 5 i fc3t*»gT3 — 
?20 6(D§7^-^K i ^<h<7>a3^l2 0 6 i tOil 
=ftl£S*£o **=7>Kia»2 0 9l4. t7@!82 0 7a) 
§OR^-hi cTi:Oai^2 0 7 i £ff-^2 0 8 i tO 

mmmz&Zo M20 a . i*. gts^x^ h2o 30 

[O O 5 2] T> KHI»2 0 9 0§AND{f- h i 
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